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Strengthening the national strategic scientific and technological (S&T) power is the strategic policy and urgent
task of science and technology development in China at
present, which is crucial for building a great country in
science and technology and supporting the development of
China in all respects. Under the guidance of the Party and
government on strengthening the national strategic S&T
power, it is of great theoretical and practical significance
to discuss the emergence and development of national
strategic S&T power.
The term strategic power, originally used in the field of
national security and military affairs, refers to the decisive
power related to national security and military outcome. With
the increasingly prominent role of science and technology in
the national development and international relations, the S&T
power that plays a decisive role in the national security and
development and international competition is collectively
referred to as national strategic S&T power. It is associated
with the national development strategy, development stage,
and international competition, has certain stability while
evolves, adjusts, and expands dynamically. From the perspective of the historical development of science and technology, this paper reviews the generation and development of
national strategic S&T power around the world, studies the
construction and development of national strategic S&T
power since the founding of the People’s Republic of China,
and proposes the definition and characteristics of national
strategic S&T power. In the end, relevant policy suggestions
are put forward for stepping up the national strategic S&T
power of China.

1

Emergence of national strategic S&T power

Since the birth in the 17th century, modern science has
unobvious influence on national economic and social development for quite a long time. In the second half of the 19th
century, the close association between the science development and industrial capacity was highlighted in the development of Germany, especially in the rise of the German
synthetic dye industry [1]. Since then, Germany surpassed
Britain in industrial development and economic
development.
World War I confirmed the strategic importance of science
and technology. During World War I, the value of advanced
science and technology was proved in many war-related
military and civilian industrial sectors. After World War I,
major countries began to attach importance to the development of science and technology, and the systematism of scientific research and the characteristics of big science
appeared.
During World War II, science and technology became the
decisive force in the outcome of the war. A series of scientific
applications and technological inventions produced during
the war, such as the atomic bomb, radar, and penicillin,
changed the course of the war. The main groups and organizations of scientists and engineers engaged in research, development, and application of these science and technology
fields that influence the outcome of the war became the national strategic S&T power.
After World War II, science and technology has become an
important factor in maintaining the national security and
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development, balancing the power among countries, and
determining the international cooperation or conflict.
Therefore, all the major countries concentrated resources to
build the national strategic S&T power—the decisive S&T
power related to national security, development, and international competition—in accordance with national strategic
goals.

2 Institutionalization and evolution of national strategic S&T power
After World War II, major countries in the world built the
national strategic S&T power in accordance with the model
of organizing scientific research and technological development during World War II. In the 70 years after World War
II, the strategic S&T power of major countries in the world
has evolved with changes in the national strategic goals and
international competition.

2.1 Post-World War II to the early Cold War: institutionalization of national strategic S&T power
The experience of research on military technology during
World War II, especially the organization of large-scale,
rigorous, and multidisciplinary research programs in the
fields of atomic energy and electronics, has profoundly impacted the development of science and technology in the
post-war world. After World War II, especially after the beginning of the Cold War, the governments of various countries gave huge support to certain major research projects.
Many countries have established large-scale national research institutions for military and civilian use, and the big
science has developed rapidly. These newly established research institutions, together with those established before
World War II in important fields such as health and technical
standards constitute the backbone of the major national strategic S&T power after the war. As a special national research
institution, national laboratory is established and funded by
the government and rely on large-scale facilities or conduct
research on major scientific issues involving multiple disciplines, playing an outstanding role. The typical national laboratories in the United States are the Los Alamos National
Laboratory for military research, and the Argonne,
Brookhaven and Oak Ridge National Laboratories for nuclear energy research, which are affiliated to the U.S. Department of Energy, and similar institutions in Europe include
Harwell Laboratory in the United Kingdom and Saclay Laboratory in France [2].

2.2 Period of security strategy and national prestige: the evolution of national strategic S&T power
In 1957, the Soviet Union launched the first artificial satellite Sputink, which opened a new era of competition between the United States and the Soviet Union, the forefront

and main battlefield of which lied in science and technology.
Facing the panic, the United States mobilized huge national
resources to meet the threat of the Soviet Union. From the
end of 1957 to October 1958, the United States quickly established the National Aeronautics and Space Administration
(NASA) responsible for the formulation and implementation
of the national space development plan; the Department of
Defense established the Defense Advanced Research Projects
Agency (DARPA) to ensure the advanced research and development; the National Science Advisory Committee was
established to support the government’s scientific decisionmaking capacity; the research and development of new
weapons is meanwhile reinforced. In November 1958, the
U.S. Congress passed the National Defense Education Act,
which greatly enhanced its support for science education at
all levels. In the face of challenges, the United States rebuilt
its national strategic S&T power system. It strengthened S&T
decision-making consultation and S&T power in strategic
fields (such as aviation, military, etc.), innovated the cultivation, use, and mobilization mechanism of strategic S&T
power (represented by DARPA), mobilized the whole country for major national goals (e.g., the Apollo program), and
cultivated the next generation of talents for strategic S&T
power.
From the launch of the first artificial satellite by the Soviet
Union in 1957 to the successful landing of the United States
on the moon in 1969, the United States and the Soviet Union
have engaged in fierce competition in the space and military
fields with the goal of winning military superiority and improving national prestige. During this period, the international S&T competition and the construction of national
strategic S&T power have the following three characteristics.
(1) Further development of national laboratory. After the
Soviet Union launched the first artificial satellite in 1957, the
U.S. national laboratory further developed. Not only the
national laboratories of the U.S. Department of Energy began
to serve the space race between the two countries, but also the
new national laboratory was set up in new fields such as
space. For example, after NASA was established at the end of
1958, the United States established the Jet Propulsion Laboratory (JPL) on the basis of the Guggenheim Aeronautics
Laboratory of the California Institute of Technology. The
Guggenheim Aeronautics Laboratory was established before
World War II and cooperated with the U.S. military in rocket
research. After the launch of Sputink in October 1957, the
laboratory cooperated with the U.S. Missile Defense Agency
in satellite launch research, which made a great contribution
to the successful launch of the first artificial satellite Explorer
1 by the United States on January 31, 1958 [3].
(2) Task orientation and nationwide mobilization. The
task-oriented organization mode of science and technology is
represented by the construction of large technical system or
engineering system, aircraft, or rocket. This organization
mode allocates the required knowledge and skill reserve,
manpower, instruments, supply, laboratory, and development
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base according to specific objectives, so as to achieve the
objectives (such as building nuclear reactor). The larger and
more complex objectives (such as the Apollo program) need
the mobilization of the national S&T power to participate.
The philosophy of this organization mode is to support
large-scale research teams with huge funds, which can solve
many tough and complex problems. The Apollo program
fully demonstrates that large task-oriented projects require
not only sufficient human and material resources but also
management innovation.
(3) Further expansion of national strategic S&T power.
The national research institutions represented by national
laboratories play an important role in accomplishing national
strategic goals, while its power is insufficient for the overall
national strategy. ① The large national tasks rely on advantageous S&T power nationwide. The Apollo program employs more than 300 000 scientists and engineers from
universities, corporate institutions, and research institutions
in the form of contracts, nearly 10 times the total number (36
000) of scientists and engineers at NASA-affiliated research
institutions [4]. ② The innovative research and breakthrough
technology requires the cultivation, construction, and organization of new strategic S&T power in new fields. Laser
was invented in 1960 by university researchers funded by the
U.S. Department of Defense. The internet is developed by
university researchers supported by DAPRA with a new
funding method. ③ The research laboratories of some large
enterprises play a role in the national strategic S&T power in
important fields involved in the national strategic goals. For
example, the famous Bell Laboratories have long served the
U.S. military industry and plays an important role in air force,
diving, radar, strategic defense system, command and control
system, communication, and some special projects [5].

2.3 Period of economic competition: the establishment of national strategic S&T power based on
public–private cooperation
In the late 1970s, Japan recovered from the destruction of
World War II and began to compete with the United States in
high-tech fields such as semiconductors, computers, and
other electronic equipment. In the 1980s, Japan surpassed the
United States in the field of technology such as semiconductors, machine tools, and robots, and began to take the lead
in the world.
The success of Japanese companies in the global semiconductor market lies in not only their strong competitiveness
but also the guidance for industrial policies and direct subsidies from the Japanese government as well as the allocation
of national advantageous S&T power for the key industrial
technologies. Finally, the chip production technology of
Japan surpasses that of the semiconductor companies of the
United States. This is the world-renowned Very Large Scale
Integration Circuit (VLSI) project organized by the Ministry
of International Trade and Industry of Japan [6]. The VLSI
unites competing companies (including Fujitsu, Hitachi,

Mitsubishi, Toshiba, and NEC) to jointly develop key technologies in a new research combination mode. It is impossible for these companies to cooperate without the intervention
of the Ministry of International Trade and Industry of Japan
and the coordination of its affiliated National Institute of
Advanced Industrial Science and Technology [7]. This practice in Japan has created a new mode of cooperation: government leading the cooperation between national research
institutions and private companies, technology sharing, and
cost sharing.
The mode of public–private cooperation in Japan has been
imitated by many other countries. In 1987, the U.S. Ministry
of Defense established the Semiconductor Manufacturing
Technology (SEMATECH) composed of 14 semiconductor
companies, which made a great contribution to the United
States in regaining its leading position in the world semiconductor market in 1992.
Under the international economic competition in important technological and industrial fields, the governmentleading core S&T power alliance of the public and private
parties in fierce competition can be regarded as new national
strategic S&T power formed to win the international
competition.

2.4 Era of globalization: the transformation and
reorganization of national strategic S&T power
With the end of Cold War in the 1990s, economic globalization has become the major trend, and countries are interconnected and dependent on each other. In this context, the
transformation and reorganization of national strategic S&T
power is manifested in the following three aspects.
(1) Mission update and challenge expansion. Since the
1990s, the balance of national security and power has remained the main concern of all countries, and the global
issues such as global warming and environmental degradation have also been included in the agenda of countries. The
national strategic S&T power faces more missions and challenges. A typical example is the U.S. national laboratory’s
searching for new missions after Cold War. In addition to
continuing to play a role in the national security, energy, and
basic science, it pays attention to the challenges of national
competitiveness and global environmental issues, reforms the
laboratory management, and speeds up the transfer of technology to the private sectors [8].
(2) Layout in the same or similar fields of science and
technology. Since the 1990s, major countries have begun to
deploy strategic S&T power in emerging technology fields
such as information technology, biotechnology, and nanotechnology.
(3) International S&T cooperation to jointly solve frontier
issues in science and technology. A typical representative is
the Human Genome Project (HGP), which is completed by
20 sequencing centers from 6 countries including the United
States, the United Kingdom, Japan, France, Germany, and
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China.
In the era of globalization, the cooperation and competition coexist among countries, and the strategic S&T power is
both expanded and adjusted. Major countries are stepping up
their deployment of strategic S&T power in emerging technology fields such as artificial intelligence (AI), big data, and
quantum technology.

2.5 Summary: the mission of national strategic
S&T power
2.5.1 Mission of national research institutions
From a global perspective, the national strategic S&T
power is generated during World War II and institutionalized
and further developed after World War II. It is mainly formed
by national research institutions and focuses on the research
safeguarding national interests and achieving national goals.
The relevant research mainly includes ① strategic basic
research, especially basic research in emerging interdisciplinary fields that requires large-scale research facilities; ②
strategic research related to national security and interests; ③
research in social welfare fields such as energy, health, agriculture, and environmental protection; ④ research on industrial basic technology, common technology, and technical
standards [9].
National research institutions carry out long-term and
large-scale research work which requires substantive funds,
unique scientific facilities, and professional staffs, and is
often beyond the capacity of private companies and universities. The confidential research with sensitive nature often
has national security significance. The research needed to
complete the specific mission of the government is often
high-risk and goal-oriented, which will generate important
national benefits [8].

2.5.2
Characteristics and missions of national
laboratories
National laboratories are a unique type of national research institutions and vary in different countries.
In the United States, the term “national laboratory” has no
formal legal definition. It usually refers to laboratories owned
by the U.S. Department of Energy and operated by contractors, and also includes large federally funded research and
development centers (FFRDCs), such as National Center for
Atmospheric Research and National Optical Astronomy
Observatory funded by the National Science Foundation
(NSF) [3]. The national laboratory of the U.S. Department of
Energy, being a representative, requires vast research fund
(up to 1 billion US dollars per year) and has a large team
(often thousands of people) [10]. Argonne, Brookhaven, and
Oak Ridge National Laboratories are the earliest ones in the
United States. After World War II, the U.S. Atomic Energy
Commission (AEC, the predecessor of the Department of
Energy) is in charge of laboratories related to weapon manufacturing during World War II. AEC defines the national

laboratory based on three conditions: (1) It should have
thousands or even tens of thousands of employees. (2) It is
engaged in interdisciplinary research. In fact, most AEC
laboratories are engaged in multidisciplinary research, involving physics, chemistry, engineering, biology, and medicine. (3) It can provide instruments and equipment for
visiting researchers. According to such standards, the national laboratories of the U.S. Department of Energy develop
into a national laboratory system [11] and become a unique and
indispensable part of American scientific research. These
laboratories carry out large-scale and complex research and
development, apply interdisciplinary methods to realize the
transformation from basic science to technological innovation, and cooperate with researchers from universities, enterprises, and other countries to stimulate innovation and
solve the most urgent S&T problems [12].
Although the 16 major research centers of the Helmholtz
Association of German Research Centres are not called national laboratories, they are similar in composition and function to the national laboratories of the U.S. Department of
Energy. These research centers rely on big science facilities
or gather the multidisciplinary advantages to carry out research on major scientific issues, promoting the achievement
of major breakthroughs in key fields of science and
technology [2].

2.5.3 Roles of universities and corporate research
institutions
The national strategic S&T power of various countries is
constantly adjusted and expanded with the evolution of international competition. After completing some specific
tasks, the university laboratories and scientist groups in some
important fields, as well as some high-level corporate laboratories, play a role in strategic S&T power.

3 Construction and development of national
strategic S&T power of China
China has once left behind and now catches up with advanced countries in the development of science and technology, in which the strategic S&T power plays a very
important role. During 1949–1966, China established the
national strategic S&T power in response to the major needs
of national economic construction and defense construction.
In the face of the transformation and reform of the national
economic construction and new development needs since the
reform and opening up, the national strategic S&T power not
only promotes the overall development of China but also
enhances S&T innovation ability, which lays a solid foundation for the further development of the country.
The development of science and technology and innovation system in China is a process from small to large and from
weak to strong, having a large gap with the international

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

4

advanced level for a long time. Therefore, the national strategic S&T power of China is endowed with more functions. It
needs to provide support for the country to keep up with and
surpass other countries in the development of emerging
technologies and seize the commanding heights of high and
new technologies. Moreover, it plays an exemplary and
leading role in the construction and development of the innovation system of the whole country.

3.1 Construction of national strategic S&T power
of China
(1) Call of the times. The foundation of science and
technology was very weak at the founding of the People’s
Republic of China, with no more than 50 000 S&T personnel
nationwide. Among them, there were only 600 people specializing in scientific research, and only about 30 specialized
research institutions [13]. Under such circumstance, it is an
inevitable choice for the Party and the government to build a
S&T team that concentrates S&T resources and solves the
key problems of national development. The establishment of
the Chinese Academy of Sciences (CAS) has become an
important measure for the rapid and concentrated construction of the S&T team in China.
(2) Foundation. After the establishment, CAS began to set
up research institutions. In 1950, CAS carried out the construction tasks in accordance with the policy of reforming the
past research institutions to cultivate talents, so that the scientific research can really serve the national industry, agriculture, health care, and national defense in the document of
the Government Administration Council [14]. On March 8,
1954, the Central Committee of the Communist Party of
China made a long instruction to the report of the Party Group
of CAS, making it clear that CAS was the center of national
scientific research [15]. The establishment and development of
CAS laid the foundation for the construction of national
strategic S&T power.
(3) Blueprint. In 1956, the Chinese government launched
the Long-term Program for Developing Sciences and Technology from 1956 to 1967 (hereinafter referred to as the
Twelve-Year Program). Premier Zhou Enlai put forward the
guiding ideology of the Twelve-Year Program at the National
Conference on Intellectual Issues: “When planning this program, it is necessary to introduce the most advanced science
achievements of the world to the sectors of sciences, national
defense, production, and education in China as quickly as
possible according to the possibility and need. The science
categories that are most in short supply in China and urgently
needed in national construction should be made up as quickly
as possible, so that after 12 years, the S&T level of these
categories in China will be close to that of the Soviet Union
and other major countries” [16]. With this guidance, the
Twelve-Year Program determined the task-driven discipline
construction mode. According to the needs of the national
economic development at that time and the goal of catching

up with the global advanced level, 55 key research tasks were
established, based on which the development of disciplines
and the construction of research organizations were planned,
providing a blueprint for the construction of national strategic
S&T power in China.
(4) Achievements. The implementation of the
Twelve-Year Program establishes the national strategic S&T
power in the fields (e.g., atomic energy, electronics, semiconductor, automation, computing technology, and jet and
rocket technology) related to the national economy and national defense construction, and lays a good foundation for
the sustainable development of science and technology and
national construction undertakings [17]. The most prominent
achievement is the establishment and development of national strategic power in aerospace technology of China.
Since China established the missile research institution
named the Fifth Research Institute of the Ministry of National
Defense in October 1956, the aerospace industry of China has
grown and now ranks among the world’s top countries. The
development of aerospace industry in China starts from missiles. On the basis of the “Two Bombs and One Satellite,” a
series of carrier rockets have been developed and improved,
and the serial development of scientific satellite and application satellite has begun, which has produced huge social and
economic benefits. After the 1980s, China has initiated and
implemented a number of major aerospace projects, including the manned space project, BeiDou Navigation Satellite
System, China High-Resolution Earth Observation System,
and Chinese Lunar Exploration Program, and have made
major breakthroughs in all these projects [18].

3.2

CAS as the national strategic S&T power

During the over 70 years since the establishment, CAS
supported national major tasks, explored the frontier sciences
and high and new technologies, and led the construction of
the national innovation system, giving full play to the role of
national strategic S&T power. CAS not only has similar
functions as the national laboratories of the United States and
other countries in carrying out frontier research and undertaking long-term national major tasks that cannot taken by
universities and enterprises, but also leads the construction of
national innovation system.

3.2.1 “Locomotive” period (1956–1966): undertaking national major tasks to promote the development
of national science and technology
CAS plays a role not only in the formulation and implementation of the Twelve-Year Program but also in the preliminary planning of the program. Most of the 53 major
scientific tasks proposed by CAS are included in the
Twelve-Year Program. CAS is the main responsible organization, the joint responsible organization, or the main cooperating organization for 87.7% of the 57 important tasks in
the Twelve-Year Program [19].
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In 1956, China implemented the “four emergency
measures.” CAS quickly concentrated its efforts in the
emerging key technology fields of radio, automation, semiconductor, and computing technology, which laid the foundation for China to catch up with the international advanced
level in a short time.
In the development of the “Two Bombs and One Satellite”
project that has built up the status of China, CAS undertook a
series of key S&T tasks in the development of atomic bombs
and missiles, was responsible for the overall technical control
of the whole satellite system, completed the development of
the satellite, and cooperated with other organizations for the
development of ground measurement and control system,
making great contributions to the project. In particular, several generations of computers developed by CAS in the “four
emergency measures” have made great contributions to the
development of atomic bomb and hydrogen bomb [20].

3.2.2

1977–1997: pioneer of S&T reform

In the early stage of reform and opening up, CAS played a
pioneering role in S&T reform in many aspects and created
many “firsts.” In 1985, the institutes affiliated to CAS implemented the director responsibility system and took the
lead in establishing open laboratories. In 1986, the first national key laboratory was established. It is of great significance that the Beijing Electron Positron Collider was built in
1988 and reached the international advanced level among
similar devices, which marked that China entered the ranks of
high-tech development in the world.
Since the reform of S&T system in 1985, CAS has employed two operating mechanisms and put the main S&T
power into the main battlefield of national economic construction. It keeps capable strength engaged in basic research
and high-tech innovation prospectively to maintain the sustainable development of the core national strategic S&T
power, which lays a foundation for subsequent development.

3.2.3 Knowledge innovation period (1998–2012):
guiding the construction of national innovation system
In 1998, CAS implemented the pilot project of knowledge
innovation. It adjusted the discipline layout according to the
national strategic needs and the development trend of science
and technology, and actively explored the modern institution
system. Additionally, CAS funded the Hundred Talents Program to attract outstanding overseas talents to return to China
so as to promote the development of important disciplines in
China to quickly reach the forefront of the world. It has
tackled key problems in core technologies and cultivated a
large number of talents in important emerging frontiers

crossing disciplines. The Hundred Talents Program has
demonstrated the exploration of and accumulated valuable
experience for the implementation of talent programs in
China in the future [21].
Inspired by the knowledge innovation project of CAS,
various national departments have begun to formulate and
implement their innovation measures. The knowledge innovation project has facilitated the construction of national
innovation system with Chinese characteristics.

3.2.4 “Pioneering action” period (2013 to present):
leading national strategic S&T power in the new era
In 2013, CAS implemented the Pioneering Action Plan,
that is, taking the lead in realizing the leaping development of
science and technology, and building a national innovation
talent highland, a national high-level think tank for science
and technology, and a world-class research institution. General Secretary Xi Jinping in the report of the 19th National
Congress of the Communist Party of China on October 18,
2017 mentioned six representative major achievements in the
construction of an innovative country since the 18th National
Congress of the Communist Party of China, among which
Tianyan, Wukong, and Mozi were developed by CAS. In the
development of Tiangong and Jiaolong, CAS is also the main
①
undertaking or participating organizaiton . In September
2020, CAS fully accomplished the objective of pioneering
action in the first phase as well as the major national S&T
tasks with high quality. A large number of major original
achievements were produced, reaching the international
leading level in quantum information and condensed matter
physics. Great breakthroughs were made in the fields of deep
space and deep sea. CAS provided important strategic support for economic and social development and undertook the
②
construction of a large number of big science devices .

3.3 Development needs of national strategic S&T
power in the new era
Over the 70 years since the founding of the People’s Republic of China, the national strategic S&T power represented by CAS has been formed. With the new trend of S&T
development and changes in domestic and international situations, China has seized the opportunity of the fourth industrial revolution to respond to the strategic competition
with the United States and realize the Two Centenary Goals,
which puts forward higher requirements for the development
of science and technology in China. Strengthening the national strategic S&T power has become a new national strategic task.

______________________________________

The “call” of General Secretary Xi Jinping has refreshed the spirits of Chinese scientists.
(https://www.cas.cn/zt/sszt/zggcd19dbdh/mtjj/201710/t20171020_4618515.shtml). (in Chinese).
②
The objective of “pioneering action” of the Chinese Academy of Sciences in the first phase has been fully accomplished (authoritative
release) (http://tj.people.com.cn/n2/2020/0917/c375366-34298751.html). (in Chinese).
①
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4 Meaning and characteristics of national
strategic S&T power
4.1 Connotation and denotation of national strategic S&T power
Based on the above thinking, it can be concluded that the
national strategic S&T power is established and developed to
achieve national development goals and needs. The scope of
national strategic S&T power should neither be too broad to
cover the dominant force of subjects in the national innovation system nor too narrow to be only limited to a certain type
of national research institutions.
(1) Definition. This paper gives the following definition of
national strategic S&T power. The national strategic S&T
power is guided by the national strategy, deployed for
achieving national goals and tasks, and composed of S&T
teams, organizations, and facilities that play a decisive role in
key fields such as national security, economic and social
development, and international competition, reflecting the
national will and interests. In terms of the activities, national
strategic S&T power has a clear strategic task orientation, and
is characterized by multidisciplinary integration and interdisciplinary research, solving the strategic and long-term
S&T problems of national development. In terms of the field,
national strategic S&T power involves the frontier S&T field
and related basic science field that support national security,
national development, and international competition. In
terms of behavior subjects in the national innovation system,
the national research institution is the subject of national
strategic S&T power.
(2) Role comparison. Compared with the national research
institution that mainly carries out research reflecting the
national will and goals, universities mainly teach and carry
out basic research in the form of free exploration by individual teachers or small teams; enterprises manufacture
products and provide services according to market needs, and
usually focus on short-term solutions or the integration of
multiple technologies. However, in certain cases, some parts
of the scientific research power of universities and enterprises
can be used as or included in the national strategic S&T
power.
(3) Organizational form. The national strategic S&T
power is mainly organized in 3 forms: national research institution under direct control, organizations indirectly controlled by contract, and task-based organizations. ① The
S&T power that reflects the national will and can be directly
controlled and regulated by the government is mainly organized in the form of national research institution. ② In some
key fields, the government forms a specific agreement organization with enterprise and gives the enterprise laboratory

the function of national strategic S&T power. ③ The government organizes strategic S&T task, and the researchers
from universities and enterprise research institutions can be
regarded as the national strategic S&T power.
(4) Field characteristics. The national laboratories and
other important national research institutions in major countries are generally concentrated in the fields of national security, energy, environment, and health. In some fields of
industrial development technologies, the research power of
corporate sector is often stronger. For example, in the field of
communication, the United States entrusts important tasks to
corporate laboratories (such as the Bell Laboratories at that
time) instead of establishing national laboratory.

4.2 Funding and management of national strategic S&T power
The national strategic S&T power is a long-term institutional arrangement of national science and technology system, as well as an organizational setup covering a wide range
of personnel and resources. It requires professional management and comprehensive technical support, and appropriate innovation in system and organization to keep it
long-lasting and stable.
(1) Funding. The research funds of national strategic S&T
power are usually supported by the government. For example, 80% of the research work of the U.S. national laboratory
is supported by the U.S. Department of Energy [12]. Among
the research funds of the research centers of the Helmholtz
Association of German Research Centres, 70% supports the
research on basic science and technology and is allocated
directly by the German federal government and the local state
government (the input ratio of the German federal government to the local state government is 9:1), and the other 30%
is from the third party in competition [2].
(2) Legal status and management mode. The legal status
and management mode of national laboratory vary from
country to country. The Helmholtz Association of German
Research Centres is a registered association, and its 18 re①
search centers are entities with legal person status . The
U.S. national laboratories are government-owned and government-operated (GOGO) or government-owned and contractor-operated (GOCO). Most U.S. national laboratories are
GOGO, including those operated by the National Institutes of
Health (NIH), NASA, the Department of Agriculture, and the
Environmental Protection Agency. Only one of the national
laboratories of the U.S. Department of Energy is GOGO, and
the others are GOCO. These two types of national laboratories are operated according to different laws and regulations
[3]
. The unique contractor-operated mode of the U.S. Department of Energy is a highly adaptable mode developed
from the Manhattan Project. Under the GOCO mode, the

______________________________________

The Structure of the Helmholtz Association (https://www.helmholtz.de/en/about-us/the-association/statutes-and-governance/ structure-and-governance).
①
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Department of Energy is responsible for establishing the
strategy and project direction, while the national laboratory
uses its expertise to accurately determine how to respond to
technological and scientific challenges and implement
projects [12].

4.3 Relationship between national strategic S&T
power and national innovation system
The development of national strategic S&T power can
drive the construction of the national innovation system. For
example, the U.S. national laboratory maintains close and
stable relationships with university and corporate researchers
through the entrusted management and open communication.
This is one of the greatest advantages of national laboratories
in the United States [8]. Meanwhile, the operation and innovation environment of the national innovation system will
positively feed back to the construction of national strategic
S&T power.

5 Policy suggestions for strengthening national strategic S&T power
In recent years, the Party and government attach great
importance to the national strategic S&T power. In 2004, Hu
Jintao, the then General Secretary of the Central Committee
of the Communist Party of China, visited CAS. He proposed
that as the national strategic S&T power, CAS should create
first-class achievements, benefits, and management, and
more importantly, cultivate first-class talents. In 2013, when
visiting CAS, General Secretary Xi Jinping mentioned that
CAS is the national strategic S&T power that the Party, the
country, and the people can rely on, and put forward the “four
initiatives” for the future development of CAS [22]. On May
31, 2016, General Secretary Xi Jinping pointed out at the
National Science and Technology Innovation Conference that
the role of national laboratories should be given full play in
the improvement of the national strategic S&T power [23]. In
2017, the report of the 19th National Congress of the Communist Party of China emphasized the construction of national innovation system and strategic S&T power, which
signifies that the national strategic S&T power has become
the will of the Party and the country. On May 28, 2018,
General Secretary Xi Jinping spoke at the academician conference of the two academies and pointed out that CAS and
Chinese Academy of Engineering should continue to play the
role of national strategic and S&T power and follow the
general trend of global S&T development to promote the
leaping development of science and technology in China and
build China into a great country in science and technology [24]. The Fifth Plenary Session of the 19th Central Committee adopted the Party leadership’s proposals for
formulating the 14th Five-Year Plan (2021–2025) for National Economic and Social Development and the
Long-Range Objectives, which mention that to implement

the innovation-driven development strategy and take the
self-reliance of science and technology as the strategic support for national development, the most important thing is to
strengthen the national strategic S&T power, focus on key
and core technologies, and improve the overall efficiency of
innovation chain [25]. The Outlines of the 14th Five-Year Plan
(2021–2025) for National Economic and Social Development
and the Long-Range Objectives adopted at the “Two Sessions” in March 2021 specifies that the innovation system
should be optimized based on the national strategic needs,
and the construction of strategic S&T power led by national
laboratories should be accelerated [26].
With the above discussion, we can learn that the national
strategic S&T power of China is composed of the existing
part (e.g., CAS) and the newly constructed national laboratories. Based on the existing national strategic S&T power
such as CAS, national laboratories, characterized by new
ideas, new institutional settings (breaking through the limitation of traditional research institutions), new governance
mode, and new organization form, should be built to facilitate
the construction and development of national strategic S&T
power. This paper puts forward the following suggestions.

5.1 Several aspects of work that should be emphasized to strengthen strategic S&T power
The strengthening of national strategic S&T power necessitates the institutional and organizational innovation as
well as the cooperation with other subjects in the national
innovation system and the coordination with the innovation
environment. To this end, we put forward the following four
suggestions to improve the national top-level design and
macro-regulation.
(1) The relationship between the construction of new national laboratory and the reform and development of existing
strategic S&T power (e.g., CAS) should be handled appropriately. The difference between their functional positioning
should be clearly distinguished, so that their construction and
development can promote and complement each other.
(2) It is suggested to optimize the layout of strategic S&T
power and thus step up the mission-oriented reform and development of research institutions. ① The development direction and focus of strategic S&T fields (such as information
technology and life science) should be planned, and the positions and roles of national research institutions, universities,
enterprises, and their cooperative alliances in promoting the
progress of the corresponding field should be clarified. ②
The research institutions affiliated to the central government
of China should be systematically arranged, optimized, and
integrated with consideration to the mission, strategic direction, discipline, and organization form. ③ It is necessary for
national research institutions to clarify the missions and focus
on national major S&T frontiers and national major needs.
(3) The institutional setup and organizational mode of
major national research plans should be reformed and updated. In accordance with the major needs and challenges
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raised by the development, reform should be carried out
considering the objectives, key scientific issues, project establishment mechanism, and organizational mode to promote
the innovation across subjects, disciplines, and departments,
and improve the joint undertaking of major S&T tasks.
(4) Efforts should be made to coordinate the construction
of strategic innovation platform for science and technology
and the construction of research organization entities. At
present, the reorganization of national key laboratories and
the construction of other S&T innovation platforms mostly
involve the original organizations in terms of the part-time
work, mobility, and association of researchers. Therefore,
flexible and effective reform of management mode is needed
to improve the efficiency of S&T governance.

5.2 Policy suggestions for the construction and
development of national laboratory
At present, the construction of national laboratory is the
key work for strengthening the national strategic S&T power.
This paper puts forward the following four policy
suggestions.
(1) The relationship between government and market as
well as between the central and local governments should be
properly handled in the construction of national laboratory.
The national laboratory should embody the national will and
goal in terms of research direction, field, and project arrangement. The national laboratory should be supported
mainly by the government and supplemented by the funding
from enterprises and other institutions to ensure the consistency of research direction and the stability of funding. In
terms of operation mechanism, it is necessary to maintain
appropriate exchanges with the national counterparts, and
give due consideration to the local interests and needs.
(2) The construction of national laboratory should be
mission-oriented, with clear long-term development goals,
strategic plans, and short-term implementation plans. The
national laboratory should be relative independence in
management and operation.
(3) The talent team of national laboratory should keep a
proper proportion of full-time fixed personnel, part-time
personnel, and floating personnel.
(4) In some important fields of science and technology
(such as artificial intelligence), enterprises are important
producers and users of technology, and thus the construction
of national laboratory should strengthen cooperation with
domestic leading enterprises in these fields.
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